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Dynamical Effects of Flow Structureson Heat Releasein Methane-Air Jet Flame

Naoto YOKOYAMA*L, Jiro MIZUSHIMA*?

*1 Energy Conversion Research Center, Doshisha University.
*2 Faculty of Engineering, Doshisha University.

Interactions between flows and chemical reactions in a jet diffusion flame are numerically
investigated. A six-species and four-step kinetic mechanism is employed in the ssimulation of an
axisymmetric methane—air flame without any kinematic approximations with respect to fluid flows.
It is shown that the distributions of temperature and mass fractions of methane and oxygen agree
quitewell with Burke—Shumann solution from the macroscopic view. The layersof large heat release
rates are located just outside of the classical flame surface defined by the stoichiometric mixture
fraction. However, the layers are not uniform and the heat release rates vary in the layers with
gradients of mixture fractions caused by velocity gradients. It is found by flame normal analyses
that large heat release rates require oxygen flowing into the flame from the circumference owing
to negative velocity gradients on the flame surface, for the heat release is largely provided by the
oxidative reaction of hydrogen. Correspondingly, continuous burning requires discharge of the
reaction products due to positive velocity gradients. Moreover, local elevation of pressure due to
heat release qualitatively divides the flame field into fuel- and air-rich regions and also induces
outgoing flow in the air-rich region. The lack of the influx which carries oxygen overtaking the

outgoing flow due to pressure gradient causes local extinction or global quench.
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